This study examined the interrater reliability and temporal stability of a scoring system developed by Troyer, Moscovich, and Winocur [Neuropsychologia 11 (1997) 138] to measure clustering and switching on verbal fluency (VF) tasks such as the Controlled Oral Word Association Test (COWAT) [Benton, A.L., Hamsher, K., & Sivan, A.B. (1983). Multilingual aphasia examination (3rd ed.). Iowa City, IA: AJA Associates]. Seven independent raters scored COWAT protocols of 125 healthy participants in accordance with the rules proposed by Troyer et al. Intraclass coefficients were near perfect, ranging from .96 for total number of clusters to .99 for total number of switches. Test-retest reliability coefficients (n = 55) were poor to modest (r = .47 for clusters, r = .58 for switches, and r = .70 for total words). Significant improvement in performance was observed across most COWAT indices, suggesting a practice effect. Modifications to test administration are suggested to improve the stability of cluster and switch scores, as well as other variables for further study.
Introduction
Verbal fluency (VF) is a term used to refer to one's capacity to generate words according to a category or subcategory in a limited amount of time (Benson & Ardila, 1996; Milner, 1964) . This rapid and organized word retrieval ability is a sensitive indicator of brain dysfunction (see Lezak, 1995; Spreen & Strauss, 1998) . VF tasks typically employ a word-list generation procedure where subjects are asked to generate a list of words according to some linguistic rule or category while under a time constraint. The two forms of fluency tasks most commonly employed are semantic and phonemic fluency. Semantic fluency tasks require the test taker to generate a list of words according to a category (e.g., animals, fruits and vegetables, shopping items). In contrast, phonemic fluency tasks require that words be generated according to a letter of the alphabet. Although both tasks are similar in that they impose substantial language requirements, there is evidence to suggest that each task is sensitive to different disease processes and distinct neuroanatomical substrates (for review, see Troyer, Moscovich, & Winocur, 1997) .
One of the most commonly used measures of phonemic VF is the Controlled Oral Word Association Test (COWAT; Benton, Hamsher, & Sivan, 1983) . This test employs three trials, 60 s each, using the letters C, F, and L. An alternate form is available using the letters P, R, and W. Researchers and practitioners also employ other versions of this procedure using the letters F, A, and S (Borkowski, Benton, & Spreen, 1967) . To assess subjects' performance on phonemic fluency tasks, examiners are instructed to calculate the total number of words produced across all three trials, minus any unacceptable responses (Benton et al., 1983) . Unacceptable responses occur when a subject repeats a previous response (i.e., a perseveration), or makes an error by including a word that starts with the wrong letter, or other rule violation as stated in the manual (Benton et al., 1983) .
Models of VF
Models of VF performance were developed from systematic observations of performance variables in both patients and controls. For example, researchers and clinicians noted that the rate at which people generate words across time is not steady, but rather they produce words in brief spurts or temporal clusters (Bousfield & Sedgewick, 1944) . That is, subjects quickly generate several words, appear to draw a blank for a moment, then generate a few more. Gruenewald and Lockhead (1980) hypothesized that during each pause or blank, the participant is engaged in a search process to access appropriate words from a stored knowledge base. Another important observation of VF performance is that subjects'responses are often grouped together semantically or phonetically (Auriacombe et al., 1993; Gruenewald & Lockhead, 1980; Troyer et al., 1997; Wixted & Rohrer, 1994) . Chertkow and Bub (1990) examined VF performance in patients with Alzheimer's disease. They observed that patients with Alzheimer's disease rarely generate words from semantic categories from which they cannot answer semantic-probe questions, implying that fluency performance is dependent on semantic memory store. Interestingly, there was no relationship between categories for which patients showed impaired fluency and categories for which they showed impairment in answering semantic-probe questions. This finding suggested the role of an additional cognitive process in VF. Chertkow and Bub concluded that effective fluency performance requires (1) an intact semantic store for supplying a knowledge base of related words and (2) an effective search process to access and retrieve this information. Therefore, poor performance on VF tasks can result from deterioration of a stored knowledge base, or due to inefficient search (e.g., not generating search strategies, or not switching to new searches when previous ones are exhausted).
More recently, researchers have expanded Chertkow and Bub's (1990) two-component (store and search) model of VF. Troyer et al. (1997) employ the terms "clustering" and "switching" to operationalize the "store" and "search" processes involved in VF tasks, respectively. Troyer et al. state: Optimal fluency requires clustering, the production of words within semantic or phonemic related words, and once a subcategory is exhausted, switching to another. Accordingly, we suggest that the two important components of VF include (a) clustering, the production of words within semantic or phonemic categories; and (b) switching, the ability to shift efficiently to a new strategy (p. 139).
These authors are not only renaming the terms identified by Chertkow and Bub (1990) , but are also differentiating the brain areas presumed to mediate each aspect of VF. They suggest that temporal lobe-mediated processes such as verbal memory and lexical or semantic storage are reflected in clustering, whereas frontal lobe-mediated processes such as strategic searching, cognitive flexibility, and set-shifting are reflected in switching scores. There is a growing body of evidence to support this position (Rich, Bylsmam, Troyer, & Brandt, 1999; Robert et al., 1998; Troyer, 2000; Troyer et al., 1997; Troyer, Moscovich, Winocur, Alexander, & Stuss, 1998; Troyer, Moscovich, Winocur, Leach, & Freedman, 1998) . Troyer et al. (1997) contend that an overall score such as the total number of words is not an adequate index of the cognitive processes that underlie effective performance on VF tasks. More specifically, they contend that effective performance is multidimensional and therefore, global scores obscure the unique contributions of cognitive subsystems. Troyer et al. argue that at least two cognitive components, clustering and switching (as described above), contribute to effective performance on VF tasks. Other theorists have also embraced the importance of distinguishing between subjects who perform poorly primarily due to a failure to retrieve words, from those who lack the cognitive flexibility to shift to new strategies when previous ones are no longer productive (Warrington, 2000) . Troyer et al.'s (1997) scoring system has considerable promise. It has been used to examine the association between cerebral compromise and clustering and switching performance in diverse populations including patients with schizophrenia (e.g., Robert et al., 1998) , subcortical and cortical dementias (e.g., Rich et al., 1999; Troyer, Moscovich, Winocur, Alexander, et al., 1998; Troyer, Moscovich, Winocur, Leach, et al., 1998) and healthy persons (e.g., Troyer, 2000) . Despite enthusiasm for this scoring procedure, its basic psychometric properties have not been examined thoroughly.
Psychometric considerations
Interrater reliability refers to the extent to which raters or judges are in agreement (Cohen & Swerdlik, 1999) . That is, when different people apply the scoring system to the same subjects' test results, do the raters arrive at similar scores? The interrater reliability of the cluster and switch scores has been examined only once. Although the initial results by Troyer et al. (1997) were excellent (r = .99 for phonemic fluency cluster size and r = .99 for switching), these investigators employed only two raters who scored data from 42 subjects. Moreover, Troyer et al. reported Pearson product moment correlations, whereas other statistical indices such as intraclass correlation coefficients (r ICC ) are considered a better estimate of interrater reliability (Shrout & Fleiss, 1979) .
Test-retest reliability is the extent subjects produce similar scores on the same measure administered on two different occasions. This is another important psychometric consideration, especially if one wishes to argue that a test is measuring a relatively stable construct (Cohen & Swerdlik, 1999) . Rich et al. (1999) conducted a 5-year longitudinal analysis of phonemic clustering and switching during a word-list generation task for patients with Huntington's disease and healthy controls. Although participants' performance was assessed across several intervals, traditional estimates of stability (e.g., PPMCs) were not reported. Instead, Rich et al. sought to compare between group differences on the stability of cluster and switch scores for healthy controls versus patients with Huntington's disease. Using repeated measures ANOVA, Rich et al. found that clustering remained relatively stable in patients with Huntington's disease, while switching scores showed a significant monotonic decrease across testing intervals. In contrast, both cluster and switch scores remained stable in healthy persons across the 5-year period. Rich et al.'s study therefore, provided support that switch scores are sensitive to frontal-subcortical degeneration; however, the test-retest reliability has yet to be examined.
This study sought to improve upon the existing literature by assessing the interrater reliability of clustering and switching indices for the COWAT using more raters and more participants than was employed in the Troyer et al. (1997) investigation. Additionally, this study employed the use of the letters C, F, and L (which were not used in Troyer et al.'s previous psychometric investigation) across each testing session. Although markedly different interrater reliability results across forms were not hypothesized, the use of another popular version of the COWAT would make an additional contribution to the literature. Finally, this project examined the test-retest reliability of clustering and switching scores using a within-subjects design.
Method

Participants
Undergraduates (N = 134) were recruited from psychology courses at an urban, southeastern, liberal arts college. Persons with a history of neurological disorder, learning disability, or psychiatric conditions involving medication usage were excluded from data analyses. Using these criteria, 9 individuals were excluded (1 with reported head injury, 1 due to epilepsy, 4 due to learning disability and/or ADHD, and 3 due to psychiatric conditions) resulting in 125 healthy persons for analyses. Individuals were not paid for their participation, but each received extra credit toward their psychology courses. Of the 125 participants, the majority of persons were female (69%) and Caucasian (80%). The mean age of the participants was 20.1 years (S.D. = 1.7), and the mean estimated Full Scale IQ using the North American Adult Reading Test (NAART; Blair & Spreen, 1989) was 107 (S.D. = 7.0).
To ensure an adequate sample size for test-retest reliability analyses, each participant was invited to volunteer for a second testing session. Fifty-five participants (44% of the initial sample) were retested (mean interval = 28.2 days, range = 22-34 days). There were no significant differences between the test-retest sample (n = 55) and those who did not retest (n = 70) for age, education, ethnicity, or estimated IQ.
Materials
The COWAT (Benton et al., 1983 ) was used to investigate the interrater reliability and temporal stability of cluster and switch scores for phonemic fluency proposed by Troyer et al. (1997) . This study employed the COWAT version using letters C, F, and L (COWAT-CFL). In addition to the cluster and switching indices proposed by Troyer et al., the traditional scores were examined. These scores included the total of the number of words produced across all three trials, minus any unacceptable responses. Unacceptable responses were further separated into two categories: perseverative errors and other rule violations. This study classified "perseverations" as words that were repetitions of a previous response. Such repetitions need not have followed the first instance of the word immediately, but may occur at any point afterward during the 60-s trial. Rule violations consisted of unacceptable responses such as saying the same word with a different ending (e.g., eat, eating) or saying proper nouns (e.g., Rochester, Robert) (Benton et al., 1983) .
The NAART (Blair & Spreen, 1989 ) was employed to estimate the intellectual level of the sample in a time-efficient manner. Several studies have demonstrated the validity of the NAART for this purpose (see Spreen & Strauss, 1998) . This measure requires that persons read aloud through a list of words that cannot be read phonetically, so correct pronunciation of the items requires prior experience and mastery. Examples of words include "debris, colonel, and epitome." In addition to estimating intellectual functioning, performance on this measure is closely associated with vocabulary and education level (Blair & Spreen, 1989) To assess the health history of the sample, a self-report questionnaire was constructed and administered to all participants. In additional to demographic variables, the questionnaire assessed for a history of neurological disorders, psychiatric illness, and other medical disorders known to affect neuropsychological functioning (e.g., HIV/AIDS).
Procedure
After obtaining their informed consent, participants were first administered the health survey, then the COWAT-CFL, followed by the NAART. The COWAT-CFL and NAART were administered in accordance with published instructions (Benton et al., 1983; Blair & Spreen, 1989) . Seven raters (the primary investigator who is a PhD level psychologist and six senior psychology majors) scored the COWAT protocols following procedures outlined by Troyer et al. (1997) . To train the six student raters, each were provided with the scoring rules, 10 practice protocols generated for this purpose, and additional scoring examples reported in the appendix of Rich et al.'s (1999) article. Each of the practice protocols were scored and discussed in a meeting supervised by the PhD level rater. Following this training session, each rater scored all protocols independently. Phonemic clusters were defined as two or more consecutive words that begin with the same two letters (e.g., chair, chimney), differ only by a vowel sound (e.g., leap, loop), rhyme (e.g., sand, stand), or are homonyms (e.g., sum, some). Switches were defined as the number of transitions between clusters. The mean cluster size for each letter and across all three trials was also calculated (see Troyer et al., 1997) .
With the exception of interrater reliability analysis, the values used to generate descriptive data, correlations, and stability coefficients were obtained by carefully examining each protocol. In instances when there were discrepant values between any two judges, the protocol was reinspected by the primary investigator for accuracy in order to obtain the correct values for data entry.
Results
Descriptive data are presented for all COWAT-CFL indices in Table 1 for initial (n = 125) and retest (n = 55) samples. No gender differences were observed on any indices for either sample (P > .05); therefore data for males and females are not presented separately. For those participants who were retested, both Time 1 and Time 2 scores are presented in Table 1 . Participants' COWAT-CFL performance improved during the second test administration. Paired sample t tests revealed modest, but significant (P < .05) increases in performance across most indices including cluster and switch scores (see Table 1 ). Perseverative responses and rule violations were the only COWAT-CFL indices that did not significantly differ at Time 1 versus Time 2.
With the exception of perseverations and rule violations, the higher COWAT scores observed in the retest sample at Time 2 suggest a practice effect. Because the retest group was not selected randomly, COWAT scores at Time 1 were examined for preexisting differences between the 55 persons who retested and those 70 individuals were tested at Time 1 only. There were no significant differences on COWAT Time 1 scores between groups (P > .05). Therefore, the COWAT gains in the retest sample could not be attributed to superior VF at Time 1.
The letters C, F, and L were originally chosen so that each successive letter resulted in an increase in difficulty level (Benton et al., 1983) . Paired sample t tests revealed that the mean number of words produced for letter C, M = 13.75 (S.D. = 3.58), was significantly higher than that for letter F, M = 12.61 (S.D. = 3.46) [t (1, 124) = 3.97; P < .001]. Furthermore, the mean number of words produced for letter F was significantly greater than that for letter L, Table 2 . For the initial sample (n = 125) at Time 1, most indices were correlated with NAART performance except for perseverations and rule violations. The total number of clusters and switches were highly correlated with the total number of correct responses on the COWAT-CFL (see Table 2 ). Cluster and switch scores were moderately correlated with each other at r = .41 (P < .01). A similar pattern of correlations emerged for the retest sample (n = 55) at Time 2 (see Table 2 ). Using ANOVA, raters did not significantly differ from one another across any of the COWAT-CFL indices reported [F (6, 124) = 1.12, P > .001]. Interrater reliability was examined using intraclass correlation coefficients (ICC) of scorer agreement (Shrout & Fleiss, 1979) . Intraclass coefficients for all COWAT-CFL indices, including the supplemental indices proposed by Troyer et al. (1997) , were near perfect, ranging from .96 for total number of clusters, to .99 for total number of switches (see Table 3 ). Test-retest reliability data are also displayed in Table 3 . Coefficients of stability ranged from r = .47 for total cluster scores to r = .70 for the traditional COWAT index (total number of acceptable words). The stability of perseverations and rule violations was extremely poor in the present sample of healthy persons.
Discussion
The descriptive data for COWAT-CFL indices are commensurate with other studies employing this version in samples with similar age and educational levels (e.g., Demakis, 1999; Ruff, Light, Parker, & Levin, 1996) . The pattern observed for the mean number of words across each letter (C > F > L) is consistent with earlier investigations (e.g., Lacey et al., 1996; Ruff et al., 1996) . The absence of gender differences on COWAT scores in the present study is consistent with most research (see Spreen & Strauss, 1998) , with two exceptions. Herlitz, Airaksinen, and Nordstrom (1999) found that females outperformed males by an average of 1.48 words. Although this finding is statistically significant, due in part to the large sample (N = 200), its clinical significance is uncertain. Compared to the present study, Herlitz et al.'s sample was more diverse, having greater variation in age and education level. The other study that found a gender difference suggested that education level plays an important role in detecting any disparity. Ruff et al. (1996) found gender differences on COWAT-CFL scores for individuals with greater than 16 years of education only.
The mean number of switches in the present sample (24.6) is quite similar to that reported by Troyer (2000) , who found a mean of 23.9 in a sample of 411 individuals (ages 18-91, mean educational level of 13.9 years). However, the mean cluster size for the present sample (0.41) is larger than that reported by Troyer (0.24) . Unfortunately, Troyer did not report mean raw scores for separate age groups. She did report, however, that mean cluster sizes were larger using version COWAT-CFL as compared to COWAT-FAS (Troyer, 2000) . It is interesting to note that employing clustering strategies is a relatively common occurrence, despite the fact that test takers are not instructed to do so. In the present sample of healthy college students, all participants employed some form of cluster strategy.
The excellent interrater reliability of the cluster, cluster size, and switch scores is consistent with Troyer et al.'s (1997) study that utilized two raters only. Additionally, the present results extend Troyer et al.'s findings to include a VF procedure that employs different letters (e.g., C, F, and L). The temporal stability of the cluster and switch scores was much less impressive. There was no evidence to suggest that a restricted range of scores attenuated the resulting correlation coefficients, as the measures of variability (e.g., standard deviations) were commensurate with other investigations, including those with patient samples (Lacey et al., 1996) . At present, there are no studies that report coefficients of stability for the supplemental scoring indices proposed by Troyer et al. (1997) . However, coefficients of stability for the traditional COWAT scores (e.g., number correct, perseverations) obtained in the present sample are commensurate with other reports that range from r = .65 to r = .88 (see Spreen & Strauss, 1998, for review) . For example, Demakis (1999) reported a COWAT-CFL coefficient of r = .83 in a small college sample (N = 21) over a 3-week interval, which is slightly shorter than the interval imposed for the present study (28.2 days). A stability coefficient of r = .74 (n = 120) was reported by Ruff et al. (1996) using a 6-month interval between test administration using COWAT-CFL.
The poor stability of cluster scores is problematic and suggests that any search process (strategic or otherwise) can vary considerably with each test administration. Troyer et al. (1997) imply that cluster scores reflect the outcome of search and retrieval strategies more so than the integrity of vocabulary store, per se. The other agrees with Troyer et al., as the correlation between NAART performance and COWAT cluster scores should be higher if clusters reflected vocabulary store integrity. Moreover, indices reflecting vocabulary store should be very stable in the present sample of healthy persons over a 4-week interval.
This study employed the use of healthy participants, a practice common to early stages of psychometric inquiry. One may speculate that a sample of patients may have produced different results. However, examining the stability of scores for patients with known executive dysfunction (e.g., subcortical dementias, traumatic brain injury) would introduce more interpretive confounds than were present in this study. Therefore, the use of participants whose cognitive status was not expected to change between assessments constituted an ideal circumstance for an initial evaluation of the temporal stability of these test scores. Clearly, investigators and clinicians must be cautious when interpreting these indices until the temporal stability of cluster and switch scores is improved upon.
Although few, there have been instances reported in the literature on executive functioning where studies using patient samples have produced higher estimates of stability (see Spreen & Strauss, 1998) . In these instances, the measures examined are known to have large practice effects observed upon retesting [e.g., Wisconsin Card Sorting Test (WCST)]. It has been argued that for persons with intact memory, tests such as the WCST no longer assess executive functioning in the same manner when repeated (see Lezak, 1995; Paolo, Axerold, & Troster, 1996) . Spreen and Strauss (1998) suggest that the usual practice effects are moderated by cognitive impairment and therefore explain these instances of improved reliability coefficients. These concerns do not seem to apply to the present study, as practice effects on the COWAT are considerably modest (mean improvement = 3 words) as compared to tests such as the WCST (see Paolo et al., 1996) . Moreover, task novelty is not as integral to the COWAT procedure as compared to that of the WCST.
Although coefficients of stability were poor to modest, it should be noted that the current administration procedure for the COWAT does not solicit the use of cluster strategies explicitly (Benton et al., 1983) . To better assess the cognitive domains reflected in the Troyer et al. (1997) scoring system, the COWAT procedure could be modified by including instructions that solicit the strategic use of clusters. This may be problematic, however, as it will undoubtedly change the nature of the procedure, particularly its novelty. One may speculate that the sensitivity of the COWAT to pathology involving the frontal lobe and related structures might attenuate as a result of instructions that solicit clusters as a performance-enhancing strategy.
Historically, tests designed to assess the integrity of the frontal lobes or, more generally, executive functions have utilized instructions that are intentionally vague in order to reflect the participant's own capacity to problem solve effectively (e.g., the WCST; Heaton, 1981) . Some argue that task novelty is an integral component of executive functioning assessment and therefore this neuropsychological domain will have inherently low test-retest reliability (Ahonniska, Ahonen, Aro, & Lyytinen, 2000) . This does seem to be the case, especially for executive measures that assess perseverative tendencies and impose time constraints. For example, the temporal stability of the WCST indices ranged from r = .12 for the learning to learn index to r = .65 for perseverative errors (Paolo et al., 1996) . For another widely used measure, the Trail Making Test, estimates of temporal stability have ranged from r = .44 to r = .87 (for review, see Spreen & Strauss, 1998) . Although the nature of executive functioning may impose some inherent limitations on temporal stability, there is clearly room for improvement.
As for improving the assessment of cluster and switch scores without compromising task novelty, perhaps additional trials that are administered with the aim of soliciting clusters directly could be employed after the first three trials (i.e., letters) are administered using the current procedure? Using such a procedure, one could examine whether subjects have the capacity to generate strategies (as evident from the solicited trials) but did not employ them (as evident on the unsolicited trials). This information may be helpful in determining possible reasons for poor as well as exceptional performance on the traditional COWAT score. Such distinctions are meaningful and many other neuropsychological measures employ similar hypothesis-testing (a.k.a., process-orientated) approaches with clinical utility (see Kaplan, 1988) .
Future research should also examine the contributions of other variables known to affect temporal stability. This study, for example, employed a convenience sample of college undergraduates who participated during the course of a 15-week college semester. Accordingly, the time interval between test administrations was relatively short. To test the temporal stability of cluster and switching indices more stringently, a longer time interval should be employed. Interestingly, this is only one of two psychometric studies of the COWAT in the literature that address the short-term effects of retesting using the same letters across each administration. Frequent reassessments are often employed in postacute rehabilitative settings (see Lynch, 1990) . Moreover, forensic examinations (e.g., personal injury cases) often involve two independent assessments of the same patient within a short period of time (Putnam, Adams, & Schneider, 1992) . These results do have bearing on such situations, in that an average gain of 3.1 words was observed in the retest sample.
Finally, it was apparent that individuals might be generating words that reflect other retrieval strategies, although they might not have always done so explicitly. For example, there were instances of test takers generating antonyms (e.g., love-loath) and listing individual words consecutively that are commonly used together (e.g., free-food, foreign-film, leaping-lizards). The possibility of these and other cluster types that might be scored reliably should be investigated as they may aid further to the utility of this scoring system. Given that Troyer et al.'s (1997) scoring system shows considerable promise, further psychometric investigations are clearly warranted.
